In pati ents with chronic rhinosinusitis, the presence of maxillary sinus hypoplasia (MSH) may be obscured by extensive mucosal disease or nasal polyposis. Recognition of MSH and its effec t on adjacent anatomic structures is of utmost clinical significance in endoscopic sinus surgery. Failure to recognize the impact that MSH has on the position of the ethmoid infundibulum relative to the medial orbital wall could lead to inadvertent damage to the wall during surgery. We conducted a prospective study of 75 pati ents with clinically and endoscopically provenchronic rhinosinu sitis to evaluate theprevalence of MSH. Wefound that MSH was present in l2 pati ents (16.0 %); 7 of the 75 patients (9.3%) had bilateral disease, and 5 (6.7%) had unilateral disease. We then correlated the relationship of the ethmoid infundibulum to the medial orbital wall as determined by computed tomography in patients with and without MSH. We f ound that in most cases of MSH, the ethmoid infundibulum was displac ed lateral to the medial wall ofthe orbit; the correlation between MSH status and displacement was statistically significant (p < 0.05). We propo se the term "inf undibular lateralization" to describe this con sistent radiologic find ing in MSH.
Introduction
Maxillary sinus hypopl asia (MSH) is a clinic al entity well known to otolaryngologists and anatomists.1.2It sometimes mimics maxillary sinusitis.The association between MSH and anom alies of the uncinate process such as hypopl asia and aplasia has been described in previou s studies.':' Recognition of MSH and its associated anomalies is important in surgical planning for patient s who are scheduled to undergo endosco pic sinus surgery becau se a failure to identify them could lead to iatrogen ic damag e to the orbit al wall and other orbit al complications.' Hypopl asia and aplasia of the maxill ary sinus can usu ally be diagnosed on standard radiography; computed tomography (CT) is the modalit y of choice.
It has been repo rted in the literature that the maxillary ostium usually lies along the same vertical plane as the medial wall of the orbit. However, in patients with MSH , the ethmoid infundibulum is displaced later ally. As important as this knowledge is to surgeons who are planning an operative procedure on the sinuses, radiologists may neglect to transmit this key information. ' We conducted a study (1) to determine the prevalence of MSH in a population of patients with chronic rhino sinusiti s and (2) to assess the correlation of the ethmoid infundibulum to the medi al wall of the orbit as a rad iologic finding in cases in which surgic al landm arks are distorted because of extensive muco sal disea se. To the best of our knowledge, no such study has heretofore been publi shed.
Patients and methods
Thi s prospective study was condu cted over a I-ye ar period among patient s in our ENToutpatient department who had been clinically and endoscopically diagno sed with chronic rhinosinusitis based on the criteria established by the Rhinosinusitis Task Force. ' Patients with acute rhinosinusitis, clinically proven allerg y,a gross nasal mass, a malignancy, extensive nasal polyposis, or a history of sinonasal surgeries (except antral washout) were not eligible for this study, nor were patients youn ger than 15 years. Ultim ately, our In all three cases, the infraorbital canal (arrow) lies lateral to the normal mid position, and the canine f ossa (asterisk) is in a high position: A: This pati ent has mild (typ e 1) MSH bilaterally. The uncinat e process is normal, and the ethmoid infu ndibulum is well defin ed. B: This pati ent has significant (type ll) MSH of the right maxillary sinus. Note the hypopla stic uncinate process and the ill-defined infundibulum with opacification of the maxillary sinus. C: This patient has prof ound (type lll) MSH of the left maxilla ry sinus (star). The uncinate process is absent , and the sinus appears cleft -like. On the right side, the maxillary sinus demon strat es opacity. study populatio n was made up of 75 patients--42 males and 33 fema les, aged 15 to 45 years.
All patients underwent a detailed clinical and physica l examination, nasal endoscopy with a 30°,2.7-mm rigid nasal endosco pe, and coronal CT (Somatom DRH single-slice helical CT sca nner; Siemens; Erlangen, Germany). Direct coro nal positioning was done with the patient pro ne or supine and the chin extended (neck hyperextended). Images were 3 mm thick and were obtai ned in 3-mm increments. A bone algorit hm was used for acquisition. Images were stored in a picture archivi ng and communication system (PACS). They were interpreted in bone windows by an ENT surgeon and a radiologist, who paid specia l attention to anatomic boundaries, anatom ic variations, and the extent of mucosal disease . Visual examination of the CTs was conducted in accordance with the diagnostic criteria for MSH described by Geraghty and Dolan."
The chi-square test was used for statistical analysis to test the associations between variables, and the p value was determined to test the signific ance of correlations.The frequency distributions of hypoplasia were determined by descript ive statistics.
Results
Of the 75 patients, 12 (16.0%) had MSH . Bilateral disease was identified in 7 of these patie nts (9.3% of the entire population) and unilateral disease in 5 (6.7%); of the 5 patients with unilateral disease, 2 (2.7% of the entire Volume 86, Number 12 popu lation ) were affected on the right side and 3 (4.0 %) on the left. In all, 9 right sinuses and 10 left sinuses were affected; expressed another way, 66 right maxillary sinuses and 65 left maxillary sinuses were norma l.
Of the 19 affected sinuses, MSH was class ified as mild (type I) in 14 (73.7%), significant (type II) in 4 (2 1.1%), and profound (type III) in 1 (5.3 %) (figure 1).
On the side of all normal maxillary sinuses, the ethm oid infundibulum was in the same vertica l plane as the medial wall of the orbit (table; figure 2, A). However, 17 of the 19 hypoplastic maxillary sinuses (89.5%) were associated with lateral displacement of the ethmoid infundibulum relative to the medial orbital wall-8 ofthe 9 hypoplastic right sinuses and 9 of the 10 hypoplastic left sinuse s ( figure 2, B) . The correlation was statistically significant (p < 0.05).
Discussion
The maxill ary sinus is the first of the paranasal sinuses to take form in the human fetus. 7 Figure 2 . CTs demon stra te the correlation between MSH status and anatomy. A: In this normal right maxillary sinus, the ethmoid infu ndibulum (asterisk) is on the same vertical plane as the medial wall ofthe orbit (arrowhea d). B: Illjund ibulariateralization is seen in this hypoplastic left max illary sinus, as the inf undibulum (asterisk) is lateral to the medial orbital wall (arrowhead ).
(7.2%), unil ateral hypoplasia on 13 ( 1.7%), and aplasia on 3 (0.4 %) .2 In more recent reports involving CT studies, prevalence was reported as 10.4,14.0,6 and 17.5%.8 All these earlier studies were retrospective. In our prospective study of 75 patients with chronic rhinosinusitis, the prevalence of bilateral and unilateral MSH was 9.3 and 6.7%, respectively.
The etiology of maxillary hypoplasia is unknown, and the process by which abnormal pneumatization occurs is not well understood.' It has been sugges ted that intrauterine development al abnormalities and sinus infections during the first year of life are possibly responsible for the arrest or alteration of the pattern of maxillary sinus pneumatization .' In hypoplasia and aplasia ofthe maxillary sinus, the floor and roof of the ipsilateral orbit are depressed. Depression 746· www. entjournal.com • Type I-mild. The uncinate process is normal, and the infundibular passage is well defined ( figure 1, A) . Varying degrees of mucosal thickening occur within the affected sinus.
•Type II-significant. The uncinate process is hypoplastic or absent, and the infundibular passage is ill defined or absent ( figure I, B) . Total opacification of the affected sinus by soft-tissue density is seen on CT.
• Type III-profound. The uncinate process is absent, and the sinus is represented by only a shallow cleft in the lateral nasal wall (figure I, C).
Bolger et ai, in their study of 2 1 patients with MSH , found that 14 patients (66.7%) had type I MSH , 6 (28.6%) had type II, and 1 (4.8 %) had type III. ' In our study, type I MSH was noted in 14of the 19 hypoplastic sinuses (73.7%), type II in 4 (2 1.1%), and type III in I patient (5.3%).
The presence of MSH frequently complicates surgical evaluation. For exa mple, it may mimic chronic rhinosinusitis in patient s who do not have rhinosinusitis." A hypoplastic sinus is susceptible to mucus retention. Sometimes the presence of MSH is obscured by extensive mucosal disease or nasal polyposis.I I Meyers and Valvassori retrospe ctivel y rev iewed 400 CTs obt ained fro m patients wh o had undergon e endosco pic sinus surgery.' They reported that in 4% of these cases , the medial wall of the orb it was latera l to the maxillary ostium as a result of MSH . In our study, 17 of 19 hypoplastic maxillary sinuses (89.5%) de monstrated lateral displacement of the ethmoi d infund ibul um relative to the medi al orbital wall. Thi s radiologic finding has not been previou sly reported .
In conclu sion, MSH and its associated anomalies pose a surgical challenge to otolaryngologists who perform sinus surgery on patients with rhino sinusitis. Awareness of the anatomic consequences of MSH is vital in these circumstances-specifically, the lateral displacement of the ethmoid infundibulum in relation to the medial orbital wall. We propo se that infundibular lateralization be included amon g the diagnostic radiologic findings in the assessment of the hypopl astic maxillary sinus.
